The developmental stages of osteoblast growth and differentiation exhibit selective responses of genes to growth factors (TGF beta 1) and hormones (vitamin D and glucocorticoids).
Osteoblasts in vitro undergo a developmental sequence of growth and differentiation characterized by a stage-specific expression of cell growth and bone-related genes. Our studies show that contributions to development of the osteoblast phenotype include: (1) the down-regulation of proliferation, (2) biosynthesis and organization of type 1 collagen extracellular matrix, and (3) mineralization of this matrix. Hormones and growth factors added to isolated osteoblasts during the initial proliferation period can dramatically alter the subsequent program of developmental stages of differentiation. Studies are presented that demonstrate alterations in gene expression in response to: (1) transforming growth factor beta (TGF beta 1), that prevents differentiation of the cells and their ability to form bony tissue-like nodules; (2) glucocorticoids, which induce and accelerate development of the bone-cell phenotype; and (3) the active metabolite of vitamin D, 1,25(OH)2D3, which results in both inhibitory and stimulatory effects of the hormone on growth and differentiation--effects that are dependent upon the differentiated state of the osteoblast. Thus, in the presence of these physiological mediators of bone-cell phenotype development, many of the growth and differentiation relationships operative in osteoblasts are modified or abrogated, precluding expression of the structural and functional properties of mature bone cells and tissue. These findings have significant implications for use of hormones or growth factors in the treatment of disorders where bone is involved.